Abstract Due to the inherent brittleness of ceramics, the reliability of ceramic components is evaluated using the Weibull theory. Hence, the failure probability due to the presence of surface or volume flaws is calculated using a suitable fracture mechanics approach. In the following paper, the weakest link approach is generalized for the case of bi-material ceramic joints. Here, interface cracks need to be considered for causing failure. Interface failure probability is found to be a function of the crack tip mode-mixity state. This influence is assessed in the general loading case for a bi-material strip with an internal interface crack. Under certain conditions, a simplified analysis is possible, leading to a conservative assessment of the failure probability for interface cracks in a gradually varying remote stress field.
Introduction
In the following paper, interface failure is considered for the case of bi-material ceramic joints. Ceramic materials are often used in high-temperature applications because of their attractive chemical and mechanical properties compared to metals and polymers. The main advantages of ceramic materials are low density, high strength at high temperatures, resistance to wear and corrosion combined with low electrical and thermal conductivity [21] . Today, functional properties of ceramics gain increasingly importance. However, the inherent brittleness of ceramics is limiting their use in many applications.
Nowadays, functional engineering structures are generally made of materials with different elastic properties. The behaviour of bonded joints in these structures plays an important role in many engineering applications and especially in transient service conditions, where interfacial cracks at material joints are of special concern with respect to the reliability of the whole component [11] .
The fracture mechanics assessment of interface failure was considered in a large number of papers dealing with different aspects. The main aspects are the mixed-mode character of crack tip fields even for pure mode I remote loading (i.e. when crack tip tensile and shear effects are inseparable), the presence of oscillatory singularities in the elastic stress and displacement fields [7, 8] , the choice of an appropriate crack tip model for the definition of fracture parameters [6, 16] and selection of a suitable fracture criterion [9, 17, 26] .
The statistical aspect of the analysis of fracture by relating strength to microstructure was provided by a number of authors (e.g. Neville and Knott [24] using order statistics for various kinds of microstructure; Zweben and Rosen [33] using a representative volume approach) for homogeneous and as well as for inhomogeneous materials, including the case of fibrous fracture. The probabilistic models have also been developed to analyse the fracture stresses in metals (Lin et al. [18] [27] ). The fracture mechanics failure description used in the reliability tools is based on a number of assumptions, including the assumption that stresses can be considered constant along the crack faces. In the case of bi-material ceramic joints, the stress field depends on the material combination and changes significantly along the faces of interface flaws or cracks [6, 9, 26] . Consequently, classical Weibull failure theory needs to be modified in order to properly take into account the high stress gradients. While high stress gradient generalizations already exist in the case of homogeneous materials [4], our aim of the present work is to generalize the Weibull approach for the case of interface fracture. For this purpose, the probabilistic and fracture mechanics methods have to be combined. The interface mode-mixity parameter should be included to calculate the failure probability of the interface. A detailed analysis of stress states at the interface of a bi-material strip leads to the solution procedure, presented in the paper, in which the initial problem is split into two special cases for which solutions are available. Their superposition gives the solution for the general case with arbitrary boundary conditions. The mathematical statement of the problem is given in the form of a system of singular integral equations, which are solved numerically. The values of mode-mixity parameter ψ can be calculated near the tip of internal crack for any remote loading case.
Failure probability analysis
To determine the reliability of bi-material ceramic components under multiaxial loading, a weakest link model is used. According to the weakest link approach, failure is triggered by the most dangerous natural flaw, i.e. the flaw which has most unfavourable combination of size, location and orientation in the stress field. In our current research, we consider the specific case of unstable extensions of natural flaws which are present on the interface between two materials. In this case, which is considered to be typical for weakly bonded interfaces (compared to parent material), the statistical analysis of crack orientations can be limited to the interface plane.
The failure probability of the component, caused by unstable propagation of the natural flaws, is a function of the critical crack size of the most dangerous flaw in an applied stress field. Therefore, it is the worst flaw that determines the effective permissible load for a certain target failure probability. In the following section, the fracture mechanics model for the calculation of the critical crack size from the local stress field is summarized with special attention given to the differences between the homogeneous and the bi-material case.
Failure in homogeneous components
For homogeneous components, fracture occurs, if the equivalent mode I stress intensity factor (K Ieq ) exceeds the fracture toughness (K Ic ) of the material, where K Ieq depends on the mode I-III stress intensity factors. Hence, K Ieq depends on both the geometry of the crack, represented by Y I [12] , and on the multiaxial stress field, denoted by σ eq :
According to the failure criterion (K I eq ≥ K I c ), the following relation for the critical crack size a cr is obtained:
